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(57) Abstract 

In the harvesting of legumes, apparatus having a plurality of rods (42) mounted on a rotating axle provides a vibratory con- 
tact force to the seed containing pods to provide acceleration and impact forces to separate the seeds from the shells or pods con- 
taining the seeds, and an auger (54) feeds the pods through the apparatus to optimize the time the pods w in contact with the 
rods. 
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I FHIJME POD THRPSHER INCL UDING AN AUGER 

This application is a continuation-in-part of applicants' co-pending 
U.S. application Serial No. 07/920,966 filed on July 28. 1992. 
Background of the Invention 

1. Field of the Invention 

This invention has to do with the harvesting of legumes, such as, 
peas, lima beans, broad beans as well as other types of beans 
sometimes hereinafter referred to as seeds. More specifically, this 
invention is an apparatus that is normally transported through a field to 
"shell" legumes as they are being harvested. The core of the apparatus 
is a rotary brush-like threshing means having projecting tines or rods that 
are vibrated at a predetermined adjustable frequency. The rods intercept 
the flow of the vine mass and legumes in their pods through the 
harvesting/threshing machine and impart positive and negative 
acceleration in the mass such that the seeds impact against the 
restraining pod and break the pod such that the seeds are separated 
ft^om the pods and can thereafter be separated by gravity, or a 
mechanical separator, for subsequent collection. The rods also contact 
some pods with impact forces that tend to split or break the pods. 

2. Brief Description of the Known Art 

Legume harvesters have traditionally relied on impact forces to 
separate the seeds from the pods or casings. Many legume harvesters 
include beaters, paddles or rotary mounted flat surfaces that impact or 
swat the legume containing mass of vines and pods. This impact forces 
the pods to fracture and thus release the contained seeds. These rotary 
beater machines are effective but will cause some damages to a certain 
portion of the crop due to bruising, splitting or pulverizing of the product. 
In this type of beater machine the pods may be subjected to six or more 
impacts per cycle with the beaters. This high incidence of impacts 
increases the chance that free peas, for instance, will be struck by a 
beater and damaged. Harvesting and threshing means of this general 
type, that is. of the type having beaters, are shown in U.S. Patents 
3.709,231 and 3.771.531. 



35 
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A tomato harvester incorporates a shaker section having a forced 
balanced drive for use in shaking fingers like the apparatus disclosed 
herein. The tomato harvester is shown in U.S. Patent 4,335.570 which is 
assigned to the same assignee as this application. 
5 Summary of the invention 

In the apparatus presented herein the object of the invention is to 
cause the separation of peas, beans, seeds and the like from the cases or 
pods in which they gnDW with the least amount of damage possible at a 
speed and efficiency that justifies the expenditure of capital for the 

1 0 harvester. This object is accomplished by directing a mass of vines 

containing, e.g.. pea pods to a threshing means that includes tines or 
vibrating fingers that are energized to vibrate in the path of the mass of 
vines being fed into the han^ester. As the mass of vines and pods is 
contacted by the vibrating fingers, the acceleration imparted to the peas in 

15 the pods, as well as the impact of the pea pods against the vibrating 

fingers causes the seeds to escape fi-om the pods. Once the seeds are 
released from the pods the seeds will be free to fall through a screen that 
separates the vines and pods in a convention manner fi-om the seeds-the 
seeds being the desired end product 

20 in a prefen-ed embodiment the mass of vines is fed into a reel-a 

large generally circular dmm having openings for the escape of peas or 
beans which is common to conventional pea han/esters-which contains a 
threshing means having the vibrating fingers. The threshing means 
assembly, herein sometimes referred to as the threshing means, is 

2 5 arranged longitudinally in the reel with its center line generally parallel to 

the rotational center line of the reel. The threshing means may be of a 
length shorter than the length of the reel, however in a preferred 
embodiment it will be almost as long as the length of the reel. The reel will 
rotate such that the mass of vines is directed Into a "bite" between the reel 

3 0 surface and the vibrating fingers of the threshing means. The vibrating 

fingers of the threshing means are all dose to the same length and extend 
outwardly ft-om a central axis of the threshing means. The threshing 
means and the reel both are driven in the same direction. 

As the mass of vines enters the bite the seed containing pods will 
3 5 contact the vibrating fingers and will be opened or partially opened enough 

to allow the seeds to be shaken out of their pods. The threshing means is 
provided with a drive means, an eccentric weight drive commonly called a 
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force balanced shaker for instance, to vary the amplitude and frequency of 
torsional vibration. Also means to vary the rotational speed of the 
threshing means assembly relative to the reel rotational speed is provided. 
Thus the pods can be subjected to various degrees of opening forces 
5 depending on the crop variety and maturity. 

In addition, the present invention is provided with an auger means 
to help feed the mass of vines longitudinally along the thresher means. 
The auger means comprises an auger which is mounted for rotation within 
the reel on an axis parallel to the axis of rotation of the reel. The auger Is 
1 0 driven by a conventional motor which is variable to vary the speed of 

rotation of the auger. By varying the speed of the auger, the rate at which 
the mass of vines is conveyed through the reel can be adjusted. In this 
manner, the amount of contact the vines have with the thresher means can 
be controlled depending on the type of legume crop being han/ested. In 
15 addition to being able to adjust the amplitude and frequency of torsional 

vibration of the thresher means, this allows for optimum threshing of the 
vines and pods to increase the productivity of the harvester. 

The manner in which the object of this invention is realized will be 
apparent from an understanding of the following specification. 
20 Brief Description of the Drawings 

Rg. 1 is a side elevation view of a harvester including the threshing 
means of the present invention; 

Fig. 2 is a representation of the threshing chamber of the harvester 

shown inRg. 1; 

2 5 Rg. 3 is a representation of vines to be threshed entering the 

threshing chamber of Rg. 2; 

Rg. 4 is a representation of the seeds exiting the threshing chamber 

of Rg. 2; 

Rg. 5 is a representation of an alternative embodiment of the 

30 invention; and 

Rg. 6 is a representation of another alternate embodiment of the 
threshing chamber of the harvester of the present invention. 
Detailed Description of Invention 

The prefen-ed embodiment of this invention is shown in the first four 

3 5 drawing figures. Rg. 1 is presented to simply show the environment of the 

invention. In Rg. 1 the field going legume han^ester. generally 10, is 
supported on ground engaging wheels 12. Trailing rear wheels 16 can be 
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is supported on ground engaging wheels 12. Trailing rear wheels 16 can 
be moved up and down In a conventional manner to adjust the fore and 
aft inclination of the harvester so that its inclination with respect to the 
horizontal can be maintained at the angle selected to Insure flow of 
5 product through the threshing unit. Thus, the rear wheels are mounted 

on trailing arms 1 8 pivoted to the frame and raised and lowered by 
vertical hydraulic cylinder assemblies 22. A cab and engine compartment 
24 are provided and means are also provided for driving the front wheels 
12 and the various hydraulic pumps for the hydraulic motors that operate 
1 0 the hydraulic conveyors, threshing means and other articles of 

equipment. 

A pickup indicated generally at 26 is provided for removing the 
mass of vine and crtjps from the ground and introducing it into an 
elevator conveyor 28 that feeds the crop into the threshing unit of the 
1 5 present invention. The details of the pickup are not critical to the present 

invention except for the fact that the crop is fed, in one embodiment of the 
invention, into a lower portion of the thresher, as best seen in Fig. 3. In 
another embodiment of the invention, depicted in Fig. 6, the crop is fed 
into an upper portion of the thresher. 
20 Fig. 2 is a representation of the threshing chamber generally 32 

which shows the two critical elements of the invention. The large 
diameter rotating reel or screen 34 has the usual openings in the screen 
portion such as 36 which Is carried around the circumference of the reel 
in a conventional manner. The reel is mounted for rotation around its 
25 longitudinal axis and is driven in a conventional manner most usually by a 

hydraulic motor. Drive means is not critical to the invention. In Fig. 2 the 
rotation of the reel would be counterclockwise and would be as if looking 
from the back of the field harvester. 

Gamed inside the reel Is the threshing means, generally 38, which 
30 is mounted for rotational movement with its net rotational motion being 

counterclockwise. The threshing means 38 is a long apparatus, generally 
as long as the Interior working area of the reel, that has a diameter 
somewhat less than the Interior diameter of the reel. In the preferred 
embodiment shown the "diameter" of threshing means 38 is about eighty- 
35 two centimeters from the tip of one finger to the tip of the finger opposite 

the first finger. The threshing means includes a central axle 40 into 
which a plurality of vibratory fingers, such as 42, are inserted and 
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threshing means central axie such that as the vines and seed pods pass 
between the threshing means and the reel there Is a greater than not 
chance that a seed pod will be in the vicinity of vibrating finger as the vine 
mass moves between the threshing means and the interior wall of the reel. 
5 The threshing means 38 Includes a drive means, indicated 

representatively at 43, for varying the amplitude and frequency of 
rotational oscillation, or torsional vibration, of axle 40 such that the 
consequent amplitude and frequency of oscillation of vibrating fingers 42 is 
variable, but would be around twenty cycles per second in a prefenred 

1 0 embodiment. As stated above, one means of driving the threshing means 

with the necessary vibratory induced motion is shown in U.S. Patent 
4,335,570 mentioned above. Item 44 is a representation of the general 
location of an infeed or supply of to-be-threshed seed pods as well as 
vines which makes up the vine mass. 

15 In Fig. 3 the vine mass generally 46 Is shown entering the threshing 

chamber through representative Infeed area 44 and being deposited on 
the reel. The vine mass 46 follows the surface of the rotating reel 34 Into 
the bite between the rotating threshing means 38 and the reel surface- 
again, this surface is a screen or perforated surface well known in the art 

20 TTie threshing means 38 also has a net counterclockwise rotation 

sympathetic with-but not necessarily the same speed as the surface 

speed of reel 34. 

As shown in Rg. 4, when the vine mass encounters the vibrating 
fingers the pods are opened or partially opened enough to allow seeds to 

25 be shaken out of the pods. Release of the seeds is accomplished by the 

vibrating fingers 42 rapidly accelerating and/or decelerating tiie seeds In 
the pods, or the pods relative to the seeds, as well as partially tiireshing 
and partially shaking tiie seeds from tiie pods. As stated above, tiie 
threshing means 38 Is provided vritii drive means, such as the force 

3 0 balanced drive, to vary tiie amplitude and frequency of torsional vibration 

of tiireshing means 38. Threshing means 38 Is also provided witii means 
to vary the rotational speed of the whole rotor assembly (generally by 
varying tiie speed of tiie hydraulic drive motor). Thus tiie seed pods can 
be subjected to various degrees of opening forces depending on crop 

35 variety and maturity. 
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Rg. 4 is a simple representation showing that some seeds have 
been released from their pods and the seeds passed through the screen 
surface of the reel. The seeds will be collected in a well known manner. 
The vine mass continues up and over the threshing means and will 
5 eventually tumble to the relative bottom of the threshing chamber where 

the vine mass will again enter the bite between the threshing means and 
the screen but at a point downstream of its initial entry point depending on 
the inclination of threshing chamber 32 (which can be elevated or lowered 
in a well known manner by means of the cylinders 28). 

1 0 Another embodiment of the invention is shown in Rg. 5 wherein 

multiple thresher means 48 and 50 are provided. These thresher means 
are smaller versions of the thresher means 38 shown in Rgs. 2 through 4 
and operate In substantially the same way as the single tiiresher means 
embodiment witii the difference being the flow of the vine mass through 

15 the unit For Instance, in this Rg. 5 unit the vine mass will enter the 

thresher at the relative floor portion and as the reel 52, which is similar to 
the reel shown in Rgs. 2, 3 and 4. rotates counterclockwise the vine mass 
will be carried upwardly and enter the bite between the counterclockwise 
rotating tiiresher means 48 and ttien be generally directed into tiie bite 

2 0 between the two thresher means 48 and 50. These rotate counter to each 

other, tiiat is, the thresher means 48 rotates counterclockwise and the 
thresher means 50 rotates clockwise. An altemative embodiment would 
have the reel rotating clockwise and tiie vine mass then feeding first into 
the bite between the reel surface and the vibrating tiireshing means 50. In 
25 these Rg. 5 embodiments tiie actual threshing is done in the same manner 

as in tiie prefen^ed embodiment 

In yet anotiier embodiment of the invention, depicted in Rg. 6, an 
auger means 54 is provided for feeding the mass of vines and pods 
longitudinally tiirough tiireshing chamber 32. Auger means 54 preferably 

3 0 comprises a conventional auger having appropriate dimensions. For 

example, auger 54 may have a diameter of approximately 330 millimeters 
and a pitch of appro5dmately 330 millimeters, although otiier diameters and 
pitches may also prove effective. Auger means 54 is mounted for rotation 
along an axis parallel to the axis of rotation of tiireshing means 38 and is 
3 5 driven by a drive means 56, such as a conventional hydraulic motor, which 

is adjustable to vary the rate of rotation of auger 54. As shown in Rg. 6, 
auger 54 is preferably mounted in an upper quadrant of threshing 
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chamber 32 near threshing means 38 and close to reel 34. In operation, 
the vine mass enters threshing chamber 32 through infeed opening 44, 
which in this embodiment is located in the upper portion of threshing 
chamber 32, and tumbles down to the relative bottom of reel 34, where by 
5 action of the counter-dockwise rotation of reel 34, it is directed to the bite 

between reel 34 and threshing means 38. The rotation of reel 34 and 
threshing means 38 then directs the vine mass over threshing means 38 
and into contact with auger 54, where by action of rotating auger 54 the 
vine mass is displaced slightly longitudinally, the approximate amount of 

1 0 longitudinal displacement depending on the speed of rotation of auger 54. 

The vine mass will proceed to tumble to the relative bottom of reel 34 and 
continue in the manner described above until it exits the end of threshing 
chamber 32 opposite infeed 44. In a variation on this embodimerrt, auger 
means 54 is located in the lower left quadrant of reel 34, as shown in 

1 5 phantom in Fig. 6. By varying the speed of auger 54, the rate at which the 

vine mass is conveyed through threshing chamber 32 can be controlled. 
In this manner, the amount of contact the vines and pods have with 
thresher means 38 can be controlled depending upon the type and 
maturity of legume crop being harvested. Therefore, together with being 

2 0 able to adjust the amplitude and frequency of torsional vibration of 

threshing means 38, auger means 54 allows for optimum threshing of the 
vines and pods to increase the productivity of the harvester. 

It should be recognized that, while the present invention has been 
described in relation to the preferred embodiments thereof, those skilled in 

25 the art may develop a wide variation of structural details without departing 

from the prindples of tiie invention. Therefore, the appended claims are to 
be construed to cover all equivalents falling within the true scope and spirit 
of the invention. 



30 
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What is claimed is : 

1 . An apparatus for harvesting pods containing legumes which 
comprises: 

a reel comprising an elongated, cylindrical enclosure having a 
plurality of openings therein, the enclosure defining an interior of the reel; 
the reel being mounted for rotation on the harvester; 
a threshing means for effecting the release of the legumes from the 

pods; 

the threshing means comprising a central axle and a plurality of 
flexible tines extending radially outwardly from the axle; 

the axle being mounted for rotary motion within the reel; 

means for rotating the threshing means; 

means for varying the amplitude and frequency of torsional 
vibration of the threshing means to thereby vibrate the tines; and 

auger means for feeding the pods longitudinally through the interior 

of reel. 

2. The apparatus of claim 1, wherein the threshing means is 
mounted within the reel so as to form a bite between the threshing means 
and the interior surface of the reel. 

3. The apparatus of daim 2, wherein the threshing means is 
located in a lower quadrant of the interior of the reel. 

4. The apparatus of claim 3, wherein the threshing means 
occupies more than twenty percent of the interior of the reel. 

5. The apparatus of claim 1 , further comprising a second 
threshing means for effecting the release of the legumes from the pods. 

6. The apparatus of claim 5, wherein the first threshing means 
is mounted in a first upper quadrant of the interior of the reel and the 
second threshing means is mounted in a second upper quadrant of the 
interior of the reel. 

7. The apparatus of claim 6, wherein the first and second 
threshing means rotate in opposite directions. 

8. The apparatus of claim 1 . wherein the tines comprise 
fiberglass rods. 

9. The apparatus of claim 1 , wherein the means for varying the 
amplitude and frequency of torsional vibration of the threshing means is 
adjustable to vary the frequency of vibration of the tines. 
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10. The apparatus of claim 9, wherein the frequency of vibration 
is in the range of twenty cycles per second. 

1 1 . The apparatus of claim 1 , wherein the means for varying the 
amplitude and frequency of torsional vibration of the threshing means is a 
force balanced drive. 

1 2. The apparatus of claim 1 , wherein the means for rotating the 
threshing means is adjustable to selectively vary the rate of rotation, 

13. The apparatus of claim 1 , wherein the auger means 
comprises an auger mounted along an axis parallel to the axle of the 
threshing means. 

1 4. The apparatus of claim 1 3, wherein the auger means further 
comprises a drive motor which is adjustable to selectively vary the rate of 
rotation of the auger. 
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